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[57] ABSTRACT 

A radio communication method and system employs power 
level presetting to mitigate the increase in interference 
caused by the discontinuous transmission of mobile stations. 
In the downlink, power presetting entails detecting the entry 
(or removal) of mobile stations to a cell, and in response 
thereto, calculating a plurality of power adjustment values 
for each mobile station within the cell. In the uplink, power 
presetting entails estimating an increase in interference 
caused by the entry (or removal) of mobile stations to a cell, 
and using this estimate for calculating an updated power 
target for each mobile station within the cell. Power preset- 
ting is also initiated in response to one or more mobile 
stations switching from high data-rate mode to low data-rate 
mode, or vice versa. 

47 Claims, 9 Drawing Sheets 
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POWER PRESETTING IN A RADIO 
COMMUNICATION SYSTEM 

BACKGROUND 

The present invention is directed generally to radio com- 
munication systems and, more particularly, to techniques 
and structures for presetting transmit power levels in radio 
communication systems. 

Traditionally, radio communication systems have 
employed either Frequency Division Multiple Access 
(FDMA) or Time Division Multiple Access (TDMA) to 
allocate access lo available radio spectrum. Boih methods 
attempt to ensure that no two potentially interfering signals 
occupy the same frequency at the same time. For example, 
FDMA assigns different signals to different frequencies. 
TDMA assigns different signals to different timeslots on the 
same frequencies, TDMA methods reduce adjacent channel 
interference through the use of synchronization circuitry 
which gates the reception of information to prescribed time 
intervals. 

In contrast, Code Division Multiple Access (CDMA) 
systems allow interfering signals to share the same fre- 
quency at the same time. More specifically, CDMA systems 
"spread" signals across a common communication channel 
by multiplying each signal with a unique spreading code 
sequence. The signals are then scrambled and transmitted on 
the common channel in overlapping fashion as a composite 
signal. Each mobile receiver correlates the composite signal 
with a respective unique desp reading code sequence, and 
thereby extracts the signal addressed to it. 

The signals which are not addressed to a mobile receiver 
in CDMA assume the role of interference. To achieve 
reliable reception of a signal, the ratio of the signal to the 
interference should be above a prescribed threshold for each 
mobile station (referred to as a "required signal-to- 
interference" level, or SIR^). For example, as shown in 
FIG. 1A, consider the case where three mobile stations 
receive, respectively, three signals from the common CDMA 
communication band. Each of the signals has a correspond- 
ing energy associated therewith — namely energy levels El, 
E2 and E3, respectively. Also, present on the communication 
band is a certain level of noise (N). For the first mobile 
station to receive its intended signal, the ratio between El 
and the aggregate levels of E2, E3 and N must be above the 
first mobile's required signai-to-interference ratio. 

To improve the signal to interference ratio for a mobile, 
the energy of the signal is increased to appropriate levels. 
However, increasing the energy associated with one mobile 
station increases the interference associated with other 
nearby mobile stations. As such, the radio communication 
system must strike a balance between the requirements of all 
mobile stations sharing the same common channel. A steady 
state condition is reached when the SIR requirements for all 
mobile stations within a given radio communication system 
are satisfied. Generally speaking, the balanced steady state 
may be achieved by transmitting to each mobile station 
using power levels which are neither too high nor too low. 
Transmitting messages at unnecessarily high levels raises 
interference experienced at each mobile receiver, and limits 
the number of signals which may be successfully commu- 
nicated on the common channel (e.g. reduces system 
capacity). 

A steady state condition must be adjusted for various 
changes within the mobile communication system. For 
instance, when a new mobile station enters a communication 
cell, it will create additional interference within the system. 
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For example, as illustrated in FIG. IB, the introduction of a 
fourth mobile station to the steady state condition depicted 
in FIG. 1A imposes a new signal on the common commu- 
nication channel with energy E4. This new signal energy E4 

5 adds to the aggregate interference experienced by the first 
through third mobile stations already in the cell. 
Accordingly, in order to satisfy the required signal-to- 
interference ratios of the first through third stations, the 
power associated with the first three mobile stations E1-E3 

Q may have to be adjusted accordingly. The same disruptive 
effect may be experienced when a mobile station which was 
previously located within the boundaries of the radio com- 
munication cell switches from a passive state to an active 
state to transmit or receive a message on the common 
15 channel. 

The steady state condition is also disrupted when a mobile 
station leaves the radio communication cell. For example, if 
the steady state condition shown in FIG. 1A is disrupted by 
the third mobile station leaving the radio communication 

?Q cell, the signal-to-interference ratio of the remaining two 
mobile stations will be improved by the absence of the 
energy E3 on the common channel, as shown in FIG. 1C. 
Accordingly, the power of signals E1-E2 can be decreased 
to ensure efficient use of the common communication chan- 

25 nel. Again, this same effect may be achieved when the third 
mobile station within the radio communication cell switches 
from active to passive state (e.g. by terminating its call). 

Still another disruption of the steady state may occur 
when one or more mobile stations within a radio commu- 

30 nication cell changes its operating characteristics. For 
example, as illustrated in FIG. ID if the third mobile station 
switches from a low data-rate mode of communication to a 
high data-rate mode of communication, the remaining two 
mobile stations within the cell will experience increased 

35 levels of interference. To counteract the increased levels of 
interference in the communication band, the system may 
have to adjust the power levels El and E2. The reverse effect 
may occur when a mobile station switches from a high 
data-rate mode to a low data-rate mode. 

40 Prior CDMA-based systems use one or more power 
control loops io appropriately adjust the power levels of 
signal transmission within the system to counteract the 
above described disruptions to the steady state condition. 
According to one exemplary prior technique, for the down- 

45 link the mobile station monitors the strength at which it 
receives signals from the base site. If the signals are too 
weak, the mobile station transmits a message to its associ- 
ated base station informing the base station to increase the 
power at which it transmits to the mobile station. The base 

50 station will respond accordingly. However, over time, the 
base will "tease" the mobile station by slowly decreasing the 
power to the mobile station until the base station is informed 
by the mobile station lo once again increase the power of 
transmission to the mobile station. This ensures that the base 

55 station is not communicating with the mobile stations using 
power levels which are unnecessarily high. 

For example, in the case of FIG. IB where a fourth mobile 
station enters a cell, the other mobile stations may instruct 
the base station to increase the level of power to the mobile 

60 stations. The base station will respond accordingly by 
increasing the power by one increment. If still insufficient to 
satisfy the mobile station's SIR requirements, the mobile 
stations will repeat their message to the base station, once 
again requesting the base station to increase the level at 

65 which it transmits messages to the mobile stations. This 
procedure may be repeated through a series of communica- 
tions between the base and the mobile stations. If the base 
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"overshoots" the power requirements of the mobile stations, the cell. For instance, power presetting may be performed 

it may have to decrease the power levels to the mobile when the ratio of the power requirements of a new mobile 

stations. station to the aggregate power requirements of the other 

The iterative nature of this adjustment procedure results in mobile stations within a cell exceeds a prescribed threshold, 

a delay between the time at which a dismption in the 5 OF THE DRAWINGS 
interference situation occurs and a time at which the steady 

state condition is restored. As such, this technique is not well The foregoing, and other, objects, features and advantages 

suited for particularly large disruptions to a radio commu- 0 f the present invention will be more readily understood 

nication system, such as when a high data-rale user suddenly U p G n reading the following detailed description in conjunc- 

enters a cell comprising only a few mobile users. In this i° t i on with the drawings in which: 

circumstance, as shown in FIG. IE, the introduction of a FIG. 1A shows an exemplary distribution of signal ener- 

new data user at time t=0 will cause a temporary drop in SIR gies wjthin a ^mmon band in a steady state condition; 

level for user i, which in turn may lead to erroneous signal 1T5 , , .. . ., . P • „, 

„ J ' . , ■ em i i *• u i . FIG. IB shows an exemplary distribution of signal ener- 

reception. Such transient peaks in SIR level are particularly . ... , *, . . , . to P 

p . .. , , t , v { £ 1S gies within a common band after the introduction of a new 
common in systems with bursty high data rate users (which " & station- 
are characterized by their discontinuous on-and-off ' 

transmission) FIG. 1C shows an exemplary distribution of signal ener- 

\t is'iherefore an exemplary objective of the present S ies within a commoD band after the removal of a mobile 

invention to adjust the power levels associated with a station, 

plurality of mobile stations, in response to the changing 20 FIG. ID shows an exemplary distribution of signal ener- 

needs of the plurality of mobile stations, without resorting to gies within a common band after a mobile station switches 

the above described iterative procedure. from low to high data-rate mode; 

FIG, IE shows degradation in signal-to-interference ratio 

SUMMARY caused by the introduction (or removal) of a new mobile 

According to exemplary aspects, the present invention 25 station to a radio communication cell according to the prior 

achieves the above stated objectives by employing power art; 

presetting. More particularly, the present invention detects FIG. 2 is a cell diagram illustrating a base station and 

the introduction or removal of mobile stations to a cell, or several mobile stations; 

the change in operating characteristics of one or more ^ FIG. 3 is a block diagram of a base station according to 

mobile stations already within the cell. In response thereto, ' an exemplary embodiment of the present invention; 

the present invention determines the power adjustments in RG 4 ^ a ^ m Qf a mobik s{ ^ Qn accordi t0 

the downlink and the power target adjustments in the uplink an c , embodiment of the present invention; 

necessary to maintain the signal-to-interterence ratios r . 

required by the mobile stations within the cell. FIG - 5 18 8 block dia S ram modelling power calibration 

: . r i i- i l . 4 . 35 according to an exemplary embodiment or the present 

In the case of downlink power presetting, a change in the . & , r J 

. \ , . r c u-i * *• invention; and 

number or operating characteristics or. mobile stations within 

a cell triggers a power presetting algorithm which calculates FIG - 6 shows the performance of an iterative power 

an adjustment in the power levels to each mobile station presetting algorithm according to the present invention, 

within the cell to compensate for the change. The algorithm 4Q FIG. 7A shows power presetting in macrodiversity 

may employ matrix processing to calculate the necessary according to a first embodiment. 

power adjustments as a function of the SIR requirements of FIG. 7B shows power presetting in macrodiversity 

the mobile stations within the cell. Alternatively, the power according to a second embodiment. 

adjustments can be calculated using an iterative algorithm. FIG. 7C shows power presetting in macrodiversity 

In the uplink, the base station estimates the change in 45 according to a third embodiment, 
interference which will be caused by a mobile station nPTATi Pn nP^rmPTTOM 
changing its operating characteristics. In response thereto, uhiaiuiu utiLKirr iuin 
the base station computes an updated power target for each Consider the exemplary situation depicted in FIG. 2. 
mobile station. The base station compares the updated power Therein, a base station 100 is currently handling connections 
targets for each mobile station with the actual strength of 50 with three mobile stations, Ml, M2 and M3. For the pur- 
signals received from each respective mobile station. If the poses of this exemplary embodiment, consider that the 
power target and received signal strength differ, the base system depicted in FIG. 2 operates using a CDMAtechnol- 
stalion transmits a command to the appropriate mobile ogy with duplexed downlink (i.e. base-to-mobile direction) 
station instructing it to increase or decrease its transmit and uplink (i.e. mobile -to -base direction) channels. In the 
power. 55 downlink, base station 100 transmits to each of mobile 

In the uplink power presetting, the base station may be stations Ml, M2 and M3 using a certain power level 

apprised of the imminent introduction or removal (or change associated with each of these mobile stations. In the uplink, 

in operating characteristics) of a mobile station by receiving mobile stations Ml, M2 and M2 communicate with base 

a control preamble from the mobile station. Alternatively, station, each using a certain power level Although not 

the base station may detect the change in power require- 60 shown, the base station 100 is in communication with a radio 

ments from the actual receipt of data from the mobile network controller (RNC), which in turn is connected to a 

stations. public switched telephone network (PSTN). 

In both uplink and downlink cases, power presetting need As illustrated in FIG. 3, the base station 100 is equipped 

not be performed for every change in mobile stations using with a plurality of transmitters 16 (only three transmitters 

the system. Rather, power presetting can be reserved for 65 16a, 166, 16c are illustrated to simplify the figure) for 

only those changes which present significant disruptions to transmitting different data signals to a plurality of mobile 

the signal-to-interference ratios of the mobile stations within stations via a transmitter amplifier 17 and an antenna 18. The 
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Power Presetting in the Downlink 



20 



relative power level of each transmitted signal is determined 
by a power control unit 14, As will be described in more 
detail below, the power control unit 14 according to the 
present invention estimates the power presetting necessary 
to counteract the introduction or removal of high data-rate 5 
users from a radio communication cell, or the change in 
operating characteristics of one or more mobile stations 
already within the cell. The power control unit receives 
signal-to-interference information via input 101 } and 
receives a power preset trigger signal (to be described 10 
below) via input 102. A regional processor 9 controls the 
overall operation of the base station 100. 

According to FIG. 4, an exemplary mobile station 200 
(e.g., any one of M1-M4) is equipped with a receiver 22 
which operates in a conventional manner to filter, amplify 15 
and demodulate a signal from antenna 20, A first decoder 24 
is provided for selectively receiving and decoding its 
intended signal transmitted from the base station 100 and 
measuring its signal strength. Data signals demodulated in 
the first decoder are generated as output data signals for 
subsequent use. Other signals transmitted from the base 
station 100 intended for other mobiles within its cell are 
received and decoded in a second decoder 26 where their 
respective signal strengths are measured. A signal strength 
calculator 28 receives the signal strength measurements 
from both of the first and second decoders 24 and 26 and 
calculates a transmission power for the mobile 200 to use in 
transmissions to the base station 100. The data input signals 
to be transmitted from the mobile 200 to the base station 100 
are received in a modulator 34. A transmitter 32 receives the 
modulated signal. Based on the received signal strength 
power calculated by the signal strength calculator 28, a 
power level controller 30 varies the power of the transmitter 
32 to transmit a mobile output signal. 

Any known power control loop technique may be 
employed to coordinate the activities of the downlink power 
control and the uplink power control. For instance, the 
system may use the control loop technique identified in U.S. 
Pat. No. 5,345,598 to Paul W. Dent, which is incorporated by 
reference herein, or the dynamic power control discussed 
hereinabove in the background section of the present appli- 
cation. The power presetting employed by the present inven- 
tion is preferably used to supplement any conventional 
power control technique. More particularly, the power pre- 
setting algorithm of the present invention preferably comes 
into play when there are large disruptions in the power 
requirements of the mobile station, as described below. 



Specifically, power P N4rl triggers a power presetting algo- 
rithm 50 (through line 102 in FIG. 3) which determines a 
plurality of power adjustment factors to be applied to each 
power level 52 (P 3 -P^). The power presetting algorithm 50 
may be implemented by power control unit 14 of FIG. 3. 
Power control unit 14, in turn, may comprise a central 
processing unit or other appropriate digital logic circuitry. 

The power adjustment factors may be determined as 
follows for the case of non-orthogonal channels. As a 
starting point, note that the signal-to- interfere nee ratio (SIR) 
of a particular mobile station j (denoted MS ; ) at time t may 
be expressed as: 



SIRj\, = - 



where SIR ; -| r is the signal-to-noise ratio of a particular mobile 
station j at time t; \j nter is the intercell interference experi- 
enced by MS /( Cj is the received power strength at MS,-, and 
N is the number of mobile stations currently transmitting in 
the system. The equation can be expressed in terms of 
transmitted power at the base station by noting that P,— L,- * 
Cy, where P ; - is the power at which the bas e station transmits 
to MS y . and L- is the loss factor between the base station and 
MS . The new expression in terms of base station power is: 



SIR: 



Taking into account all N mobile stations, the following 
equation is derived: 



40 



where 



Pn 



50 



Consider again the situation illustrated in FIG. 2. Assume 
that at time t the base station 100 is currently connected to 
mobile stations Ml, M2 and M3, but at time t+At receives 
a request to handle a connection with mobile station M4 
which has recently moved into its service area. Alternatively, 55 
M4 may have been in the service area. At time t+At M4 
switches from passive to active state (that is, M4 requests 
and is allocated a traffic channel to handle a call or 
connection), or switches from a low data rate mode to a high 
data rate mode. 60 

'The introduction of M4 into the pool of active mobile 
stations, or the change in operating characteristics of M4, 
imposes a new downlink transmit power level P^ 3 at the 
base station. As illustrated schematically in FIG. 5, the 
imposition of new power level 54 alerts the system that 65 
the power levels 52 of the connected mobile stations need to 
be adjusted to prevent increased levels of interference. 



1 



-1 



sm 2 



-1 



1 



(3) 



(4) 



(5j 



and 



(6! 



Optimum power levels after a user N+l has started trans- 
mission at time t+At are: 
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Rearranging the above equations to express Py| f+A , in terms 
5 of Py|, and AP results in: 



The change in power may be expressed as AP^ such lhat: 
which, using the above equations, may be expressed as: 



(9) 



AP^ is a vector which provides the power adjustments used 
according to the present invention to compensate for the 
introduction of new user P^ +1 . Furthermore, equation (9) 
can be used to account for the removal of a pre-existing user 
simply be setting P A , +I to a negative value. 

The SIR values may be transmitted by each respective 
mobile station to the base station. Alternatively, the base 
station may estimate (e.g. approximate) the SIR values by 
taking into account various factors, such as the characteris- 
tics of the channel and the data service associated with each 
mobile station. The estimation may comprise using some 
measurement instead of a SIR value, for example frame 
error rate. In any event, these values should be slowly 
varying for a given set of mobiles (e.g. the SIR values 
represent the required SIR or "target SIR" level for each 
mobile station). Accordingly, the inverse matrix A" 1 ^ can be 
computed off-line and post multiplied with the vector of 
ones. Hence when one (or more) new user begins transmit- 
ting it is possible lo adjust the power levels virtually 
instantaneously by multiplying the scalar P^ with a pre- 
computed remainder of the equation (9). If k users begin 
transmitting data streams simultaneously then: 



/Vi =2 Pfi+i 



(10) 



According to another embodiment, presetting can be 
obtained by resorting to an iterative procedure. More 
specifically ; equation (2) can be reexpressecl as follows: 



where 



(ID 



(12) 



Rearranging the above equations for P y |, in terms of SIRy 
results in: 



P^SIR^-l^) 



(33) 



The change in power caused by the introduction of a new 
user at time t+At may be expressed as: 



Equation (16) is employed to calculate a new P y based on the 
prevailing intracell interference in the cell when a new 
mobile station enters the cell. This new Py is applied in the 
downlink causing a change in the intracell interference. In 
response thereto, a new Py is calculated with the current 
intracell interference measure. The above procedure can be 
repeated a plurality of times in iterative fashion (e.g. 5 
times). Upon each iteration, the value of Py converges to its 
ideal value. 

FIG. 6 illustrates the simulated performance of power 
presetting in the downlink using the above described tech- 
nique for different iterations 0-5. The swings in SIR level at 
100 (10 ms frames) and 400 (10 ms frames) illustrate the 
experienced SIR degradation at a mobile station j in 
response to a high data-rate user's bursty discontinuous 
transmission (e.g. starting and stopping transmission). Note 
that the deleterious effects of SIR disruption are virtually 
removed after only 3 iterations. 

In both of the above embodiments, presetting need not 
automatically occur upon every change in mobile stations 
entering or leaving a cell. The power control in the base 
station can be configured such that the power presetting is 
only performed when the new data user significantly dis- 
turbs the pre-existing steady state condition within the cell. 
Whether or not a change is "significant" may depend on one 
or more of the following factors: the number of mobile 
stations currently within a cell, the ratio of the power 
requirement of a new mobile station to the aggregate power 
requirements of all active mobile station within a cell, and 
the required signal-to-interference ratio of the new mobile 
station. 

Power Presetting in the Uplink 

Power presetting in the uplink may be performed in a 
manner which is computationally less intensive compared to 
the downlink. In the uplink, the base station computes a 

45 power target for each mobile station. The power target for a 
mobile station is the product of the SIR target for each 
mobile station (e.g. the required SIR) and an interference 
estimate. The base station compares the computed power 
target for the mobile station with received power from the 

-q mobile station. A power control command is then transmit- 
ted to the mobile station instructing the mobile station to 
increase or decrease its power accordingly. 

When the base station detects that a new user plans to 
enter the system (or leave the system) it can preset the 

55 interference estimate to take account of the power and SIR 
requirements of the new user. The base station may be 
apprised of the introduction of the new user through a 
control channel preamble message which identifies the new 
user and his data-rate. Alternatively, the base station may 

50 initiate the presetting in response to the actual detection of 
the start of a new message from the new mobile, and the 
determination of the characteristics thereof (e.g. its data- 
rate). 

Again, the same analysis is applicable to the case where 
65 a data user leaves the radio communication cell (e.g. physi- 
cally travels beyond the boundaries of the cell, or simply 
discontinues transmission). Also, power presetting in the 



25 



30 
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uplink can be performed when a pre-exisling mobile station 
switches its operating mode from a high data-rate to a low 
data-rate, or vice versa. 

As was the case with the downlink power presetting, the 
base station may be configured such that power presetting is 
only performed when the introduction (or removal) of the 
new mobile station significantly disturbs the other mobile 
stations' signal-to-interference ratios. 

Power Presetting in the Case of Macradiversity 

For the case of macrodiversity, one or more mobile 
stations may each actually be communicating with more 
than one base station. For example, consider mobile station 
M4 illustrated in FIG. 2. Mobile station M4 is located on the 
outer bounds of the coverage provided by base station 100. 
As such, mobile station M4 may receive messages contain- 
ing substantially the same information transmitted from one 
or more neighboring base stations (not shown). This tech- 
nique is used to enhance the received signal quality at a 
mobile station. 

Different downlink power presetting techniques may be 
appropriate depending on the location of the interferer 
mobile station within the cells involved in macrodiversity. A 
first scenario arises, as shown in FIG. 7 A, when a high 
data- rate interferer 704 is in macrodiversity, or in other 
words, is communicating with both base stations 701 and 
705. One technique for power presetting for this interferer is 
to independently preset the power levels in the downlink for 
base station 701 and base station 705. More particularly, 
base station 701 computes the power adjustment values 
using one of the above described algorithms, treating mobile 
stations 703 and 704 as members of its cell. Simultaneously, 
base station 705 computes the power adjustment values, 
treating mobile stations 704, 706 and 707 as members of its 
cell. Each base station 701 and 705 will then transmit to the 
mobile station interferer 704 involved in macrodiversity. 
The independently computed power adjustment values are 
used when transmitting to the other mobile stations 703, 706 
and 707. 

A second scenario is illustrated in FIG. 7B. Here, the high 
data rate interferer 713 is again in macrodiversity. In 
addition, there is at least one other mobile station in mac- 
rodiversity 711 which suffers interference as a result of 
interferer 713. In this circumstance, each base station 701 
and 705 may again independently perform power presetting, 
but this time exclude the mobile station 711 from the 
computations. Such an approximation is acceptable, as the 
increase in interference suffered by station 711 due to the 
interferer mobile station 713 is typically small. 

Alternatively, the mobile stations 711 involved in mac- 
rodiversity may be preset according to the cell that requires 
the largest power increase. More specifically, base station 
701 computes the power adjustment values necessary to 
compensate for the introduction of the high data rate inter- 
ferer 713 into the cell, of which mobile stations 712, 713 and 
711 are considered members. Similarly, base station 705 
computes the power adjustment values necessary to com- 
pensate for the introduction of the high data rate interferer 
713 into its cell, of which mobile stations 711, 713, 714 and 
715 are considered members. Then both base stations 701 
and 705 communicate the power adjustment values calcu- 
lated with respect to mobile station 71 in macrodiversity to 
the radio network controller 702. The radio network con- 
troller chooses the larger of the two values and instructs both 
base stations to communicate with the mobile station 711 
involved in macrodiversity using the larger power adjust- 
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ment value. Each base station will employ that power 
adjustment level in transmitting messages to the mobile 
station 711. 

As shown in FIG. 7C\ still another scenario may arise 
when the interferer 721 is not involved in macrodiversity. 
but affects another mobile station 716 which is involved in 
macrodiversity. The power presetting for the mobile station 
716 may be computed by considering the aggregate effect of 
interference from the cell associated with base station 701 
and the cell associated with base station 705. The radio 
network controller 702 may perform this computation by, in 
effect, treating the cells associated with base stations 701 
and 705 as a global cell. 

For the uplink, presetting of the interference estimate (and 
consequently the power target) can be done independently in 
each of the base stations involved in macrodiversity of the 
new mobile stations. 

The above-described exemplary embodiments are 
intended to be illustrative in all respects, rather than 
restrictive, of the present invention. Thus the present inven- 
tion is capable of many variations in detailed implementa- 
tion that can be derived from the description contained 
herein by a person skilled in the art. All such variations and 
modifications are considered to be within the scope and 
spirit of the present invention as defined by the following 
claims. 

By way of example, power presetting equations were 
derived for the exemplary case of non-orthogonal channels. 
However, it will be apparent to one skilled in the art that the 
principles discussed herein are also applicable to systems 
employing orthogonal channels. 

Furthermore, various power macrodiversity power pre- 
setting techniques were associated with different arrange- 
ments of mobile stations within two or more base stations in 
macrodiversity. However, it will be apparent to one skilled 
in the art that the various techniques disclosed above are not 
restricted to these specific arrangements of mobile stations. 
For instance, the power presetting described in connection 
with FIG. 7C can be used to compute the power levels of the 
mobile stations in macrodiversity shown in FIGS. 7A and 
7B. 

What we claim is: 

1. A power control method for a radiocommunication 
system, including the steps of: 

transmitting signals from a base station to each of a 
plurality of mobile stations using a respective plurality 
of transmitting power levels to satisfy predetermined 
target reception requirements at said respective mobile 
stations, said plurality of mobile stations forming a set 
of mobile stations; 

detecting a change in said set of mobile stations; and 

in response to said step of detecting, calculating a plural- 
ity of power preset adjustment values for application to 
said respective plurality of transmitting power levels, 
based on said predetermined target reception require- 
ments which are known in advance of said change in 
said set of mobile stations, to compensate said plurality 
of transmitting power levels for said change in said set 
of mobile stations, wherein said calculating is preemp- 
tively performed to reduce disturbances in interference 
which would be caused by said change based on a 
predictive assessment of said disturbances in 
interference, wherein each of said power preset adjust- 
ment values is individually provided so that a corre- 
sponding mobile station will continue to have its target 
reception requirements met subsequent to said change 
in said set of mobile stations. 
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2. The power control method of claim 1, wherein said 
change in said set of mobile station comprises the introduc- 
tion of at least one new mobile station to said set of mobile 
stations, or the removal of at least one mobile station from 
said set of mobile stations. 

3. The power control method of claim 2, where said 
introduction of at least one mobile station occurs when at 
least one mobile station switches from a passive to an active 
state, and said removal of at least one mobile station occurs 
when at least one mobile station switches from an active to 
a passive state. 

4. The power control method of claim 2, wherein said 
introduction of at least one mobile station occurs when at 
least one mobile station enters a cell associated with said 
base station, and said removal of at least one mobile station 
occurs when at least one mobile station leaves a cell asso- 
ciated with said base station. 

5. The power control method of claim 1, wherein said 
change in said set of mobile stations includes a change in 
operating characteristics in at least one mobile station in said 
set. 

6. The power control method of claim 5, wherein said 
change in operating characteristics in at least one station in 
said set comprises said one station switching from a low 
data-rate mode of operation to a high data-rate mode of 
operation, or from a high data-rate mode of operation to a 
low data-rate mode of operation. 

7. The power control method of claim 1, wherein said 
plurality of reception requirements comprise a plurality of 
target signal-to-interference ratios associated with said plu- 
rality of mobile stations, wherein said method further 
includes the step of: 

obtaining said plurality of target signal-io-interference 
ratios associated with said plurality of mobile stations, 
wherein said presetting step uses said plurality of 
signal-to-interference ratios to compute said plurality 
of power adjustment levels. 

8. The power control method of claim 7, wherein said 
base station receives said plurality of signal-to-interference 
ratios from said plurality of mobile stations, or said base 
station estimates said plurality of signal-to-interference 
ratios. 

9. The power control method of claim 1, wherein said 
calculating step employs a matrix processing step. 

10. The power control method of claim 9, wherein said 
power adjustment values are computed according to the 
relationship: 
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AP^ is a vector which provides said power adjustment 
values; 

j is a power level imposed by said change at time t+At; 
and 
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SIR, 
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where SIRj through SIR^ refer to target signal-to- 
interference ratios of mobile stations 1-N, respectively. 

11. The power control method of claim 1, wherein said 
calculating step iteratively calculates said plurality of power 
adjustment values. 

12. The power control method of claim 11, wherein said 
power adjustment values are calculated by: 

a) selecting a set of power adjustment values in response 
to said change; 

b) determining intracell interference associated with said 
selected set of power adjustment values; 

c) selecting another set of power adjustment values on the 
basis of said determined intracell interference; and 

d) repeating steps (a)-(c) at least once. 

13. The power control method of claim 1, wherein said 
calculating step is performed when said change in said set 
exceeds a prescribed threshold. 

14. A radiocommunication system employing power con- 
trol presetting, comprising: 

a plurality of mobile stations comprising a set of mobile 
stations; 

a base station associated with said plurality of mobile 
stations, said base station communicating with said 
plurality of mobile stations using respective power 
levels to satisfy predetermined target reception require- 
ments at said respective mobile stations; and 

a power control unit; 

said power control unit including control logic for detect- 
ing a change in said set of mobile stations, and in 
response thereto, calculating a plurality of power preset 
adjustment values, based on said predetermined target 
reception requirements which are known in advance of 
said change in said set of mobile stations, for applica- 
tion to said plurality of respective power levels, 
wherein said calculating is performed to reduce distur- 
bances in interference which would be caused by said 
change based on a predictive assessment of said dis- 
turbances in interference, wherein each of said power 
preset adjustment values is individually provided so 
that a corresponding mobile station will continue to 
have its target reception requirements met subsequent 
to said change in said set of mobile stations. 

15. The radiocommunication system of claim 14, wherein 
said change in said set of mobile station comprises the 
introduction of at least one new mobile station to said set of 
mobile stations, or the removal of at least one mobile station 
from said set of mobile stations. 

16. The radiocommunication system of claim 15, where 
said introduction of at least one mobile station occurs when 
at least one mobile station switches from a passive to an 
active state, and said removal of at least one mobile station 
occurs when at least one mobile station switches from an 
active to a passive state. 

17. The radiocommunication system of claim 15, wherein 
said introduction of at least one mobile station occurs when 
at least one mobile station enters a cell associated with said 



01/02/2002, EAST Version: 1.02.0008 



6,067,446 



13 



14 



base station, and said removal of at least one mobile station 
occurs when at least one mobile station leaves a cell asso- 
ciated with said base station. 

18. The radiocommunication system of claim .14, wherein 
said change in said set of mobile stations includes a change 5 
in operating characteristics in at least one mobile station in 
said set. 

19. The radiocommunication system of claim 18, wherein 
said change in operating characteristics in at least one station 

in said set comprises said one station switching from a low 10 
data-rate mode of operation to a high data -rate mode of 
operation, or from a high data-rale mode of operation to a 
low data-rate mode of operation. 

20. The radio communication system of claim 14, wherein 
said plurality of reception requirements comprise a series of 
target signal-to-interference ratios associated with said plu- 
rality of mobile stations, wherein said control logic com- 
putes said power adjustment values using said series of 
target signal-to-interference ratios associated with said plu- 
rality of mobile stations. 

21 . The radio communication system of claim 20, wherein 20 
said base station receives said plurality of signal-to- 
interference ratios from said plurality of mobile stations, or 
said base station estimates said plurality of signal-to- 
interference ratios. 

22. The radio communication system of claim 14, wherein 25 
said control logic employs matrix processing to compute 
said power adjustment values. 

23. The radiocommunication system of claim 22, wherein 
said power adjustment values are computed according to the 
relationship: 30 



a/>,v = a:. 
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where: 

APjv is a vector which provides said power adjustment 
values; 

P N+1 is a power level imposed by said change at time t+At; 
and 
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where SlRj through S\R„ refer to target signal-to- 
interference ratios of mobile stations 1-N, respectively. 

24. The radio communication system of claim 14, wherein 
said control logic employ iterative processing to compute 
said power adjustment values. 

25. The radiocommunication system of claim 24, wherein 
said power adjustment values are calculated by said control 
unit by: 

a) selecting a set of power adjustment values in response 
to said change; 

b) determining intracell interference associated with said 
selected set of power adjustment values; 

c) selecting another set of power adjustment values on the 
basis of said determined intracell interference; and 

d) repeating steps (a)-(c) at least once. 
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26. The radio communication system of claim 14, wherein 
said control logic is performed in response to said change 
exceed a prescribed threshold. 

27. A power control unit for use in a radiocommunication 
system comprising: 

logic for computing a plurality of power levels associated 
with a plurality of mobile stations, said plurality of 
power levels setting a power at which a base station 
transmits information to said plurality of mobile sta- 
tions to satisfy predetermined target reception require- 
ments at said respective mobile stations, wherein said 
plurality of mobile stations form a set of mobile sta- 
tions; and 

control logic for detecting a change in said set of mobile 
stations, and in response thereto, calculating a plurality 
of power preset adjustment values based on said pre- 
determined target reception requirements which are 
known in advance of said change in said set of mobile 
stations, for application to said plurality of power 
levels, wherein said calculating is performed to reduce 
disturbances in interference which would be caused by 
said change based on a predictive assessment of said 
disturbances in interference, wherein each of said 
power preset adjustment values is individually pro- 
vided so that a corresponding mobile station will con- 
tinue to have its target reception requirements met 
subsequent to said change in said set of mobile stations. 

28. The power control unit of claim 27, wherein said 
change in said set of mobile stations comprises the intro- 
duction of at least one new mobile station to said set of 
mobile stations, or the removal of at least one mobile station 
from said set of mobile stations. 

29. The power control unit of claim 28, where said 
introduction of at least one mobile station occurs when at 
least one mobile station switches from a passive to an active 
state, and said removal of at least one mobile station occurs 
when at least one mobile station switches from an active to 
a passive state. 

30. The power control unit of claim 28, wherein said 
introduction of at least one mobile station occurs when at 
least one mobile station enters a cell associated with said 
base station, and said removal of at least one mobile station 
occurs when at least one mobile station leaves a cell asso- 
ciated with said base station. 

31. The power control unit of claim 27, wherein said 
change in said set of mobile stations includes a change in 
operating characteristics in at least one mobile station in said 
set. 

32. The power control unit of claim 31, wherein said 
change in operating characteristics in at least one station in 
said set comprises said one station switching from a low 
data-rate mode of operation to a high data-rate mode of 
operation, or from a high clata-rate mode of operation to a 
low da la -rate mode of operation. 

33. The power control unit claim 27, wherein said plu- 
rality of reception requirements comprise a series of target 
signal-to-interference ratios associated with said plurality of 
mobile stations, wherein said control logic computes said 
power adjustment values using said series of target sign al- 
to- interference ratios associated with said plurality of mobile 
stations. 

34. The power control unit of claim 33, wherein said base 
station receives said plurality of signal-to-interference ratios 
from said plurality of mobile stations, or said base station 
estimates said plurality of signal-lo-interference ratios. 

35. The power control unit of claim 27, wherein said 
control logic employs matrix processing to compute said 
power adjustment values. 
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36. The power control unit of claim 35, wherein said 
power adjustment values are computed according to the 
relationship: 



where: 

A? N is a vector which provides said power adjustment 
values; 

P^-, is a power level imposed by said change at time t+At; 
and 
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where SIRj through SIR^ refer to the target signal-to- 
interference ratios of mobile stations 1-N, respectively. 

37. The power control unit of claim 27, wherein said 
control logic employ iterative processing to compute said 
power adjustment values. 30 

38. The power control unit of claim 37, wherein said 
power adjustment values are calculated by said control logic 
by: 

a) selecting a set of power adjustment values in response 

to said change; . 35 

b) determining intracell interference associated with said 
selected set of power adjustment values; 

c) selecting another set of power adjustment values on the 
basis of said determined intracell interference; and 

d) repeating steps (a)-(c) at least once. 

39. The power control unit of claim 27, wherein said 
control logic is invoked when said change exceeds a pre- 
scribed threshold. 

40. A power control method for a radiocommunication 
system, said radiocommunication system including at least 
one cell, said cell containing a base station in communica- 
tion with a plurality of mobile stations, said plurality of 
mobile stations forming a set of mobile stations, said method 
including the steps of: 

detecting a change in said set of mobile stations; 

estimating an impact of said change in said set of mobile 
stations on an interference measure, said estimating 
step producing an interference estimate; 

calculating power targets for said respective mobile sta- 55 
tions within said cell based on said interference esti- 
mate and signal-to-interference target values for said 
respective mobile stations; 

receiving signals from said mobile stations within said 
cell to produce received signals and assessing power 
levels of said respective received signals; 

comparing said power levels of said received signals for 
said respective mobile stations with said corresponding 
power targets for said mobile stations and producing 
comparison results; and 

on the basis of said comparison results, transmitting at 
[east one power command from said base station to at 
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least one of said mobile stations within said cell, said 
at least one power command instructing said at least 
one mobile station to increase or decrease its transmit- 
ting power. 

41. The power control method according to claim 40, 
wherein said change in said set of mobile stations comprises 
one or more of the following events: 

a mobile station entering a cell; 
a mobile station leaving a cell; 

a mobile station switching from passive to active state; 
a mobile station switching from active to passive state; 
a mobile station switching from high data-rate mode to 

low data -rate mode; 
a mobile station switching from low data-rate mode to 

high data-rate mode. 

42. The power control method according to claim 40, 
wherein said detecting step assesses said change in said set 
of mobile stations from a control preamble received from 
one or more mobile stations. 

43. The power control method according to claim 40, 
wherein said detecting step assesses said change in said set 
of mobile stations from the transmission of data from one or 
more mobile stations. 

44. A radiocommunication system employing power 
control, said system including: 

at least one radiocommunication cell, said one cell includ- 
ing a base station in communication with a plurality of 
mobile stations, said plurality of mobile stations com- 
prising a set of mobile stations; 

detector logic for detecting a change in said set of mobile 
stations; 

an estimator for estimating the impact which said change 
in said set of mobile stations will have on an interfer- 
ence measure within said cell, said estimator producing 
an interference estimate; 

calculating logic for calculating power targets for said 
respective mobile stations within said cell based on said 
interference estimate and signal-to-interference target 
values for said respective mobile stations within said 
cell; 

a base station receiver for receiving signals from each of 
said mobile stations within said cell to produce 
received signals and assessing power levels of said 
respective received signals; 

a comparator for comparing said power levels of said 
received signals for said respective mobile stations with 
said corresponding power targets for said mobile 
stations, said comparator producing a comparison 
results; and 

on the basis of said comparison results, transmitting at 
least one power command from said base station to at 
least one of said mobile stations within said cell, said 
at least one power command instructing said at least 
one mobile stations to increase or decrease its trans- 
mitting power. 

45. The radio communication system according to claim 
44, wherein said change in said set of mobile stations 
comprises one or more of the following events: 

a mobile station entering a cell; 
a mobile station leaving a cell; 

a mobile station switching from passive to active state; 
a mobile station switching from active to passive state; 
a mobile station switching from high data-rate mode to 
low data-rate mode; 
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a mobile station switching from low data-rate mode to 
high data-rate mode. 

46. The radio communication system according to claim 
44, wherein said detecting logic assesses said change in said 
set of mobile stations from a control preamble received from 
one or more mobile stations. 
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47, The radio communication system according to claim 
44, wherein said detecting logic assesses said change in said 
set of mobile stations from the transmission of data from one 
or more mobile stations. 

***** 
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